SEMICONDUCTOR MEMORY DEVICE HAVING BITLINE COUPLING SCHEME 
CAPABLE OF PREVENTING DETERIORATION OF SENSING SPEED 



5 BACKGROUND OF THE INVENTION 

This application claims the priority of Korean Patent Application No. 2002- 
85866, filed December 28, 2002, in the Korean Intellectual Property Office, the 
contents of which are incorporated herein in their entirety by reference. 

10 

1. Field of the Invention 

The present invention relates to a semiconductor memory device, and more 
particularly to a control circuit which controls a bitline coupling capacitor. 

2. Description of the Related Art 

15 As the integration density of semiconductor memory devices, such as DRAMs, 

increases, the area of memory cells decreases, and the capacitance of a storage 
capacitor in a DRAM memory cell, i.e., cell capacitance, also decreases, which affects 
the operational characteristics of the DRAM, such as sensing speed or refresh, and 
leads to deterioration of the DRAM's performance. 

20 In general, in order to solve the aforementioned problems, a bitline coupling 

scheme has been used. FIG. 1 is a circuit diagram of a semiconductor memory 
device having a conventional bitline coupling scheme. Referring to FIG. 1 , a bitline 
BL is connected to an end of a coupling capacitor 12, and a control signal PBLC is 
applied to the other end of the coupling capacitor 12. The bitline BL and a 

25 complementary bitline BLB are connected to a memory cell array 11 including memory 
cells MC0, MCn. A sensing amplifier 13 senses a difference AVBL in the voltage 
between the bitline BL and the complementary bitline BLB and amplifies the voltage 
difference. 

The control signal PBLC is generated by a control circuit 14. When the 
30 control signal PBLC has a logic value of T, the coupling capacitor 12 connected to the 
bitline BL starts to operate so that the capacitance of a storage capacitor C in a 
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memory cell MC, i.e., cell capacitance, increases. 

The control circuit 14 includes a NAND gate ND1, which receives a block 
selection signal Bl and a signal (PBLCE) enabling a bitline coupling scheme, and an 
inverter 11, which generates the control signal PBLC by inverting an output signal of 
the NAND gate ND1. 

As shown in FIG. 1, however, in the conventional bitline coupling scheme, an 
external power supply VDD is applied to a source and a bulk of a PMOS transistor P1 
of the inverter 11. Accordingly, as the level of the external power supply VDD 
increases, the voltage level of the control signal PBLC increases. Thus, in a case 
where data stored in the memory cell have a logic value of '1', the voltage difference 
AVBL between the bitline BL and the complementary bitline BLB increases. As a 
result, the sensing speed of the sensing amplifier 13 increases, and the performance 
of the semiconductor memory device improves. 

On the other hand, if the data stored in the memory cell have a logic value of 
'0', the voltage difference AVBL between the bitline BL and the complementary bitline 
BLB decreases even when the level of the external power supply VDD increases. 
Accordingly, the sensing speed of the sensing amplifier 13 decreases, and the 
performance of the semiconductor memory device deteriorates. 

SUMMARY OF THE INVENTION 

The present invention provides a semiconductor memory device having a 
bitline coupling scheme, which does not decrease sensing speed even when the level 
of an external power supply varies. 

The present invention also provides a semiconductor memory device, which is 
capable of enhancing sensing speed by improving the operational characteristics of a 
bitline coupling scheme with the use of a mode register set (MRS). 

According to an aspect of the present invention, there is provided a 
semiconductor memory device. The semiconductor memory device includes a 
memory cell array which includes a plurality of memory cells, a bitline and a 
complementary bitline which are connected to the memory cell array, a coupling 
capacitor one end of which is connected to either the bitline or the complementary 
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bitline and the other end of which a control signal is applied to, a bitline sensing 
amplifier which senses and amplifies a difference in the voltage between the bitline 
and the complementary bitline, and a control circuit which generate the control signal. 
An internal power supply generated by dropping an external power supply applied 
5 from the outside of the semiconductor memory device is used as a power supply of 
the control circuit. 

Preferably, the internal power supply determines a 'high' active restoration level 
in restoring the bitline. 

Preferably, the control circuit includes an inverter, which outputs the control 
10 signal, the internal power supply is applied to a source of a PMOS transistor of the 
inverter, and the external power supply is applied to a bulk of the PMOS transistor of 
the inverter. 

Preferably/the control circuit includes an inverter, which outputs the control 
signal, and the internal power supply is applied to a source and a bulk of a PMOS 
15 transistor of the inverter. 

Preferably, the internal power supply is used as a power supply of the bitline 
sensing amplifier. 

According to another aspect of the present invention, there is provided a 
semiconductor memory device. The semiconductor memory device includes a 

20 memory cell array which includes a plurality of memory cells, a bitline and a 
complementary bitline which are connected to the memory cell array, a coupling 
capacitor one end of which is connected to either the bitline or the complementary 
bitline and the Other end of which a control signal is applied to, a bitline sensing 
amplifier which senses and amplifies a difference in the voltage between the bitline 

25 and the complementary bitline, a switch circuit which varies a power supply of the 
control circuit in response to a plurality of power control signals, and a mode register 
set which generates the power control signals in response to a command applied from 
the outside of the semiconductor memory device. 

Preferably, the switch circuit includes a first switch which provides a boosted 

30 voltage generated by boosting an external power supply applied from the outside as a 
power supply of the control circuit in response to activation of a first power control 
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signal, a second switch which provides the external power supply as the power supply 
of the control circuit in response to activation of a second power control signal, a third 
switch which provides an internal power supply generated by dropping the external 
power supply as the power supply of the control circuit in response to activation of a 
5 third power control signal, and a fourth switch which provides another internal power 
supply generated by dropping the external power supply as the power supply of the 
control circuit in response to activation of a fourth power control signal. 

Preferably, the control circuit includes an inverter, which outputs the control 
signal, and an output signal of the switch circuit is applied to a source and a bulk of a 
10 PMOS transistor of the inverter. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The foregoing and other objects, features and advantages of the invention will 
be apparent from the more particular description of a preferred embodiment of the 
15 invention, as illustrated in the accompanying drawings in which like reference 
characters refer to the same parts throughout the different views. The drawings are not 
necessarily to scale, emphasis instead being placed upon illustrating the principles of 
the invention. 

FIG. 1 is a circuit diagram of a semiconductor memory device having a 
20 - - conventional bitline coupling scheme. 

FIG. 2 is a circuit diagram of a semiconductor memory device having a bitline 
coupling scheme according to a preferred embodiment of the present invention. 

FIG. 3 is a circuit diagram of an example of an internal voltage generation 

circuit. 

25 FIG. 4 is a diagram illustrating a process of varying power supply of a control . 

circuit according to another preferred embodiment of the present invention using a 
mode register set (MRS). 



DETAILED DESCRIPTION OF THE INVENTION 
30 FIG. 2 is a circuit diagram of a semiconductor memory device having a bitline 

coupling scheme according to a preferred embodiment of the present invention. 
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Referring to FIG. 2, a semiconductor memory device according to a preferred 
embodiment includes a memory cell array 21, which includes a plurality of memory 
cells MCO, MCn, a bitline BL, a complementary bitline BLB, a coupling capacitor 22, 
a bitline sensing amplifier 23, and a control circuit 24. 
5 The bitline BL and the complementary bitline BLB are connected to the 

memory cell array 21 . The bitline sensing amplifier 23 uses an internal power supply 
AIVCA as its power supply, and senses and amplifies a difference in the voltage 
between the bitline BL and the complementary bitline BLB. The internal power supply 
AIVCA is generated by an internal voltage generation circuit. The internal power 

10 supply AIVCA is a voltage generated by dropping the external power supply VDD 
applied from the outside. The internal power supply AIVCA is clamped at a 
predetermined level even though the level of the external power supply VDD increases. 

The internal power supply AIVCA is used as a power supply of memory core 
circuits and determines a high active restoration level in restoring the bitline BL. 

15 In order to increase cell capacitance, the coupling capacitor 22 is connected to 

the bitline BL. The bitline BL is connected to an end of the coupling capacitor 22, and 
a control signal PBLC is applied to the other end of the coupling capacitor 22. The 
control circuit 24 generates the control signal PBLC in response to a block selection 
signal Bl and a signal PBLCE enabling a bitline coupling scheme. When the logic 

20 level of the control signal PBLC reaches T, the coupling capacitor 22 connected to 
the bitline BL starts to operate, which leads to an effect that the capacitance of a 
storage capacitor C in the memory cell MC, i.e., cell capacitance, increases. 

The control circuit 24 includes a NAND gate ND2, which receives the block 
selection signal Bl and the signal PBLCE, and an inverter 12, which generates the 

25 control signal PBLC by inverting an output signal of the NAND gate ND2. In the 
present invention, the internal power supply AIVCA, which determines a high active 
restore level in restoring the bitline BL, is used as a power supply of the inverter 12.. 
The internal power supply AIVCA is applied to a source and a bulk of a PMOS 
transistor P2 of the inverter 12. 

30 Accordingly, even though the level of the external power supply VDD increases, 

a 'high' level of the control signal PBLC becomes the same as the level of the internal 
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power supply AIVCA, which is clamped at a predetermined level. Thus, irrespective 
of whether data stored in a memory cell have a logic value of T or '0', a difference 
AVBL in the voltage between the bitline BL and the complementary bitline BLB is 
maintained at a predetermined level, and the performance of the sensing amplifier 23 
5 can be prevented from deteriorating. That is, the performance of the semiconductor 
memory device can be prevented from deteriorating. 

Instead of the internal power supply AIVCA, the external power supply VDD 
may be applied to the bulk of the PMOS transistor P2 of the inverter 12, in which case 
a forward bias can be prevented from occurring between the source and the bulk of 
10 the PMOS transistor P2 even when the internal power supply AIVCA increases 
abruptly. 

FIG. 3 is a circuit diagram of an example of an internal voltage generation 
circuit. In general, an internal voltage generation circuit includes a driver P3 and a 
comparator 31 . The driver P3 receives the external power supply VDD in response to 

15 a control signal CNT so as to drive the internal power supply AIVCA. The driver P3 is 
constituted by a PMOS transistor. The comparator 31 compares a reference voltage 
VREF and the internal power supply AIVCA and thus generates the control signal CNT 
FIG. 4 is a diagram illustrating a process of varying power supply of a control 
circuit according to another preferred embodiment of the present invention by using a 

20 mode register set (MRS). Referring to FIG. 4, a control circuit 44 includes a NAND 
gate ND3, which receives a block selection signal Bl and a signal PBLCE, a level 
shifter 441, which shifts and outputs an output signal of the NAND gate ND3, and an 
inverter 13, which generates a control signal PBLC by inverting an output signal of the 
level shifter 441 . 

25 An output signal of a switch circuit 46 is used as a power supply of the inverter 

13. The output signal of the switch circuit 46 is applied to a source and a bulk of a 

PMOS transistor P3 of the inverter 13. 

Specifically, a mode register set (MRS) 48 generates a plurality of power 

control signals PC1 through PC4 in response to a command CMD applied from the 
30 outside. The switch circuit 46 varies a power supply of the inverter in the control 

circuit 44 in response to the power control signals PC1 through PC4. 
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The switch circuit 46 includes a plurality of switches SW1 through SW4. 
When the first power control signal PC1 is activated, the first switch SW1 is turned on, 
and a boosted voltage VPP is provided as a power supply of the inverter 1 3, When 
the second power control signal PC2 is activated, the second switch SW2 is turned on, 
5 and the external power supply VDD is provided as the power supply of the inverter 13. 
When the third power control signal PC3 is activated, the third switch SW3 is turned 
on, and an internal power supply VINT is provided as the power supply of the inverter 
13. When the fourth power control signal PC4 is activated, the fourth switch SW4 is 
turned on, and the internal power supply voltage AIVCA is provided as the power 

10 supply of the inverter 13. 

The internal power supply AIVCA is the same as those shown in FIGS. 2 and 3. 
The boosted voltage VPP is a voltage generated by boosting the external power 
supply VDD. The internal power supply VINT, like the internal power supply AIVCA, 
is generated by dropping the external power supply VDD and is clamped at a 

15 predetermined level even though the level of the external power supply VDD increases. 

The level of a signal applied to a gate of the PMOS transistor P3 of the inverter 
13 must be the same as or higher than the level of a power supply applied to the 
source of the PMOS transistor P3. For this, the boosted voltage VPP is used as a 
power supply of the level shifter 441 . 

20 As described above, in the case of using the circuit shown in FIG. 4, it is 

possible to improve the operational characteristics of a bitline coupling scheme by 
varying the power supply of the inverter 13 in the control circuit 44 using the mode 
register set 48. 

In the semiconductor memory device having a bitline coupling scheme 
25 according to the present invention/the performance of a sensing amplifier, i.e., 
sensing speed, can be prevented from deteriorating even when the level of an external 
power supply increases. The performance of the semiconductor memory device can 
be prevented from deteriorating. 

In addition, according to the present invention, it is possible to increase 
30 sensing speed and improve the operational characteristics of a bitline coupling 
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scheme by varying the power supply of an inverter in a control circuit with the use of a 
mode register set (MRS). 

While this invention has been particularly shown and described with reference 
to preferred embodiments thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein without departing from the 
spirit and scope of the invention as defined by the appended claims. 
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